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(57) ABSTRACT 

Ahard mask layer Stack for patterning a layer to be patterned 
includes a carbon layer disposed on top of the layer to be 
patterned, a first layer of a material selected from the group 
of SiO, and SiON disposed on top of the carbon layer and 
a silicon layer disposed on top of the first layer. A method of 
patterning a layer to be patterned includes providing the 
above described hard mask layer stack on the layer to be 
patterned and patterning the silicon hard mask layer in 
accordance with a pattern to be formed in the layer that has 
to be patterned. 
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HARD MASK LAYER STACK AND A METHOD OF 
PATTERNING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation-in-part applica 
tion of U.S. patent application Ser. No. 1 1/376,645, Attorney 
Docket Number I433.220.101, entitled “HARD MASK 
LAYER STACK AND A METHOD OF PATTERN, filed 
Mar. 15, 2006, and is incorporated herein by reference. 

BACKGROUND 

0002 One embodiment of the invention relates to a novel 
hard mask layer stack. In addition, one embodiment of the 
invention relates to a method of patterning a layer using this 
hard mask layer stack. Furthermore, one embodiment of the 
invention relates to a memory device, a method of forming 
a memory device and to masks used by this method. 
0003. Semiconductor devices include arrays of conduc 
tive lines in several layers of the device. The conductive 
lines of Such arrays usually are arranged in parallel and are 
electrically insulated from one another laterally by a dielec 
tric material. The lateral distance between two conductive 
lines and the width of a conductive line sum to the pitch of 
the array of lines. The pitch is the dimension of the period 
icity of a periodic pattern arrangement. The lines Succeed 
one another in a completely periodic fashion, in order to 
reduce the necessary device area as much as possible. 
0004. By way of example, semiconductor memory 
devices include arrays of conductive lines which connect 
specific parts of memory cells arranged in rows and columns 
and which thus address the memory cells. Nevertheless, it is 
not necessary to address each memory cell separately. Usu 
ally, two sets of conductive lines are formed where the first 
set runs along a first direction and is called word lines and 
where the second set runs along a second direction inter 
secting the first direction and is called bit lines. Usually 
word orbit lines are formed by patterning a conductive layer 
stack So as to form single lines which are arranged in 
parallel. 

0005 Nevertheless, a semiconductor device may include 
arrays of conductive lines in other layers than the word orbit 
line layer. 
0006 FIG. 1A illustrates a plan view of an exemplary 
memory device comprising an array 100 of memory cells. 
To be more specific, the memory cell array 100 includes 
word lines 2 extending in a first direction as well as bit lines 
extending in a second direction. Memory cells 45 are 
disposed between adjacent bit lines at each point of inter 
section of a Substrate portion with a corresponding word line 
2. At a point of intersection of the word lines and bit lines, 
the bit lines and the word lines are insulated from each other 
by a thick silicon dioxide layer (not illustrated). In order to 
minimize the area for the memory cell array 100, the pitch 
of the array of the word lines is reduced as much as possible. 
Nevertheless, for contacting the single word lines landing 
pads 111 having a minimum area are needed. Usually, these 
landing pads 111 are disposed in a contact or fanout region 
110 adjacent to the memory cell array 100. In order to 
achieve a contact having an appropriate contact resistance, 
the area of each of the landing pads 111 must have a 

Oct. 18, 2007 

minimum value. Furthermore, a minimum value of the 
landing pads is needed to securely make a contact to upper 
wiring layers without having challenging overlay specifica 
tions. 

0007 As is illustrated in FIG. 1A, the word lines 2 have 
a minimum width Wmin and a minimum distance dmin from 
each other. In order to increase the package density of Such 
a memory cell array, the width and the distance of the word 
lines could be reduced. However, when shrinking the width 
of the word lines 2, a minimum contact area in the contact 
region 110 should be maintained. Differently stated, the 
difference in size between the width of the word lines 2 and 
the lateral dimensions of the landing pads 111 becomes 
greater. 

0008 Different problems arise from the shrinking in the 
width and pitch of the word lines. For example, landing pads 
111 which have a relatively large area with respect to the 
width of the word lines have to be arranged at the end of 
each word line without contacting or affecting each other. 
One solution to this is the arrangement of landing pads at 
both sides of the array, as illustrated in FIG. 1B. Having 
landing pads of only every second word line at one side of 
the array, the landing pads can have a large area without 
contacting or affecting neighbouring landing pads. However, 
the arrangement of landing pads at both sides of the array 
results in a complex wiring scheme in upper layers affecting 
the performance of the memory device. For example, lines 
have to be generated in another layer that connect every 
second pad at the other side of the array. 
0009. A further problem that arises from the shrinking the 
pitch of the word lines relates to the patterning of these small 
structures. If the word line array is patterned by using a 
photolithography technique that is usually employed, the 
lateral dimensions of the word lines as well as the distance 
between neighbouring word lines is limited by the minimal 
structural feature size which is obtainable by the technology 
used. However, a lithographic step for simultaneously imag 
ing different ground rules (large area of landing pads and 
Small conductive lines) is very difficult to implement, since 
the lithographic step and the used mask have to be optimized 
for imaging the smallest structure. Therefore, further shrink 
ing of word line width and pitch (word line width smaller 
than 70 nm), and thus further shrinking of memory devices, 
is difficult using a single exposure lithography. 
0010 Although these problems are described herein for 
word line arrays of memory devices by way of example, 
they are likely to arise for other devices or for other wiring 
layers as well when these devices or wiring layers reach 
comparable dimensions. 

SUMMARY 

0011. According to one aspect of the present invention, 
an improved hard mask layer Stack for patterning a layer to 
be patterned is provided, including a carbon layer disposed 
on top of the layer to be patterned, a silicon oxide layer or 
a silicon OXinitride layer disposed on top of the carbon layer 
and a silicon layer disposed on top of the silicon oxide layer 
or the silicon oximitride layer respectively. 
0012. According to another aspect of the present inven 
tion, a method of patterning a layer to be patterned is 
provided, including providing a layer to be patterned, pro 
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viding a hard mask layer stack on the layer to be patterned, 
the hard mask layer stack including a carbon layer disposed 
on top of the layer to be patterned, a silicon oxide layer or 
a silicon oXinitride layer disposed on top of the carbon layer 
and a silicon layer diposed on top of the silicon oxide layer 
or the silicon OXinitride layer respectively, patterning the 
silicon hard mask layer in accordance with a pattern to be 
formed in the layer to be patterned, transferring the patterns 
in the silicon hard mask layer into the silicon oxide layer or 
the silicon oxinitride layer and into the carbon layer and 
etching the uncovered portions of the layer to be patterned. 

0013 The hard mask layer stack according to one 
embodiment of the invention allows a rework if defects arise 
during the patterning process of the hard mask layer. Par 
ticularly, removing a photoresist layer having defects from 
top of the hard mask layer stack is possible without affecting 
the carbon hard mask layer. In one embodiment, this is 
advantageous if a double lithography process is used. 

0014 Since the silicon hard mask layer can be very thin, 
a double lithography process for Small structures becomes 
possible. In a first patterning process, for instance, array 
structures with critical dimensions less than 100 nm are 
generated in the silicon hard mask layer by a first lithogra 
phy and etching. In a second patterning process, for instance, 
landing pad structures and periphery structures are generated 
in the silicon hard mask layer by a second lithography and 
etching. The Surface of the commonly used hard mask layer 
stack illustrates a high topography with steps of more than 
120 nm after the first patterning process. Thus, in the second 
lithography the necessary depth of focus could not be 
reached making a double lithography process impossible. 
On the other hand, generating Small array structures needs a 
lithography process and a first mask optimized with respect 
to the array structures, which makes a second lithography 
with a second mask for generating the landing pads and 
periphery structures necessary. The new hard mask layer 
stack according to one embodiment of the invention solves 
this problem. 

0.015 The use of the above described new hard mask 
layer stack according to one aspect of the invention is 
advantageous for the double lithography process as 
described above, but is possible and advantageous for any 
process including more than one lithographic exposure and 
corresponding etching process referring to the same layer. 
Thus, only the silicon hard mask layer will be etched after 
a respective lithography process. Since the silicon hard mask 
layer is verythin, these etching processes are short, resulting 
in less etching damages and in possible reduction of costs. 
Furthermore, thin photoresist layers may be used, which is 
advantageous for photolithography with wave length of 193 
nm and less. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016. The accompanying drawings are included to pro 
vide a further understanding of the present invention and are 
incorporated in and constitute a part of this specification. 
The drawings illustrate the embodiments of the present 
invention and together with the description serve to explain 
the principles of the invention. Other embodiments of the 
present invention and many of the intended advantages of 
the present invention will be readily appreciated as they 
become better understood by reference to the following 
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detailed description. The elements of the drawings are not 
necessarily to scale relative to each other. Like reference 
numerals designate corresponding similar parts. 

0017 FIGS. 1A and 1B illustrate plan views on conven 
tional devices. 

0018 FIG. 2A illustrates a plan view on a memory device 
with symmetrical landing pads. 

0019 FIG. 2B illustrates a plan view on a memory device 
with asymmetrical landing pads. 

0020 FIGS. 3A to 3C illustrate plan views on a plurality 
of Subsets of landing pads according to embodiments of the 
invention. 

0021 FIGS. 4A to 4F illustrate cross-sectional views of 
the Substrate at different processing steps and plan views on 
the Substrate after those processing steps according to an 
embodiment of the invention. 

0022 FIGS. 5A to 5G illustrate cross-sectional views of 
the Substrate at different processing steps and plan views on 
the Substrate after those processing steps according to 
another embodiment of the invention. 

0023 FIG. 6 illustrates a cross-sectional view of the new 
hard mask. 

0024 FIGS. 7A to 7D illustrate cross-sectional views of 
the Substrate at different processing steps using the new hard 
mask. 

0.025 FIGS. 8A and B illustrate plan views on the first 
photomask according to embodiments of the invention. 

0026 FIG. 9 illustrates a plan view on the second pho 
tomask according to the first photomask of FIGS. 8A and 
8B. 

0027 FIGS. 10A and 10B illustrate plan views on the first 
photomask according to other embodiments of the inven 
tion. 

0028 FIG. 11 illustrates a plan view on the second 
photomask according to the first photomask of FIGS. 10A 
and 10B. 

0029 FIGS. 12A to 12D illustrate plan views on the first 
photomask according to yet another embodiment of the 
invention. 

0030 FIG. 13 illustrates a plan view on the second 
photomask according to the first photomask of FIG. 12D. 

0031 FIG. 14 illustrates a plan view on assist structures 
in the second photomask according to the detail of FIG. 11. 

0032 FIG. 15A and 15B illustrate cross-sectional views 
of embodiments of another new hard mask layer stack. 

0033 FIG. 16A and 16B illustrate flow diagrams of 
embodiments of methods of patterning a layer. 

0034 FIG. 17A to 17D illustrate cross-sectional views of 
the substrate at different processing steps of the method of 
FIG. 16A. 

0035 FIG. 18A to 18Eillustrate cross-sectional views of 
the substrate at different processing steps of the method of 
FIG. 16B. 
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DETAILED DESCRIPTION 

0036). In the following Detailed Description, reference is 
made to the accompanying drawings, which form a part 
hereof, and in which is shown by way of illustration specific 
embodiments in which the invention may be practiced. In 
this regard, directional terminology, Such as “top.'"bottom, 
'front,”“back,”“leading.”“trailing, etc., is used with ref 
erence to the orientation of the Figure(s) being described. 
Because components of embodiments of the present inven 
tion can be positioned in a number of different orientations, 
the directional terminology is used for purposes of illustra 
tion and is in no way limiting. It is to be understood that 
other embodiments may be utilized and structural or logical 
changes may be made without departing from the scope of 
the present invention. The following detailed description, 
therefore, is not to be taken in a limiting sense, and the scope 
of the present invention is defined by the appended claims. 
0037 FIG. 2A illustrates a plan view on an arrangement 
of word lines including landing pads according to a first 
embodiment of the present invention. In particular, FIG. 2A 
illustrates a memory device 130 including a memory cell 
array region 100, a contact region 110 with a plurality of 
landing pads 111 and a peripheral region 120. Each landing 
pad 111 is connected with a word line 2 extending from the 
array region 100 into the contact region 110. The device may 
further include a plurality of second conductive lines (not 
illustrated) running along a second direction, the second 
direction intersecting a first direction of the word lines 2, and 
a plurality of memory cells. Each memory cell can be 
accessible by addressing corresponding ones of said word 
lines 2 and said second conductive lines or a pair of second 
conductive lines. The second conductive lines may be 
formed in or on the Surface of a Substrate and may corre 
spond to bit lines of the memory device. The memory cells 
include for example non-volatile memory cells like NROM 
or Floating gate cells, but may include other types of 
memory cells as well. 

0038. The landing pads 111 and corresponding word lines 
2 may be arranged in a plurality of subsets. In the illustrated 
drawing, a Subset 112 of landing pads 11 and word lines 2 
is defined by sixteen word lines 2 with connected landing 
pads 111. Nevertheless, as is clearly to be understood, 
subsets can be defined also by other numbers of word lines 
and landing pads. The Subsets may be separated by conduc 
tive lines which are not connected to corresponding landing 
pads and which are removed in a later process step in order 
to contact underlying conductive layers. 

0.039 The landing pads 111 of a subset 112 are arranged 
in a staggered fashion with increasing distance with respect 
to a reference position 7 of the memory device and sym 
metrically with respect to a space 113 between two word 
lines in the middle of the subset 112. Thus the subset 112 is 
divided in two halves by the space 113. The landing pads 111 
in each half of a Subset are arranged with an increasing 
distance with respect to the reference position 7, starting 
with a first landing pad 111 connected with the word line 2 
at the boundary of the subset 112 and having the smallest 
distance to the reference position 7 and ending with a 
landing pad 111 connected with one of the two word lines 2 
in the middle of the subset 112 and having the largest 
distance to the reference position 7. The smallest and the 
largest distance of the landing pads 111 in each half are the 
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same for both halves of the subset 112. Thus the arrangement 
of the landing pads 111 in the subset 112 looks like a 
Christmas tree with symmetrical boughs, but without the top 
in the middle, or like a trapezium with the long parallel side 
adjacent to the array region 100 and the short parallel side 
arranged at a larger distance with respect to the reference 
position 7 the distance measured along the word lines 2. 
0040 Typically, the width will of the word lines 2 is 
smaller than 70 nm, in particular smaller than 65 nm, and the 
pitch, that is the sum of line width wil and the space width 
ws, is smaller than 140 nm, in particular smaller than 130 
nm. From the lithographic point of view, having the same 
line and space width would be preferable, nevertheless, this 
is not necessary. Although, lines and spaces having equal 
widths are depicted in the following figures, lines and spaces 
may have also different widths. 
0041. Each landing pad has a width wip measured per 
pendicular to the direction of the word lines and a length lp 
measured along the direction of the word lines wherein wip 
and lp are larger than w1. Typically, wip is smaller than 350 
nm and lp is smaller than 300 nm. In particular, wip is about 
188 nm and lp is about 250 to 300 nm. Thus, lp and wp are 
larger than w1. The distance Is between two adjacent landing 
pads measured along the direction of the word lines is about 
150 to 350 nm resulting in a pitch of the landing pads (lp+ls) 
of 450 to 600 nm. As can be seen, lp+ls is smaller than 
10xwl. 

0042. The subset 112 has a length lc measured along the 
direction of the word lines and a width we measured 
perpendicularly with respect to the direction of the word 
lines, both dimensions being dependent on the dimensions 
and pitches of word lines and landing pads and of the 
number of word lines forming a Subset. In particular, lc is 
about 3.3 to 4.5 um and wc is about 2.25 um for the depicted 
Subset containing 16 word lines. 
0043. Nevertheless, the dimensions of the landing pads 
and conductive lines as well as the arrangement of the 
landing pads can be defined arbitrarily in accordance with 
the restrictions of the device at all and the manufacturing 
process. 

0044 FIG. 2B illustrates a plan view on a further embodi 
ment of the invention. In particular, FIG. 2B illustrates a 
memory device 130 as described in FIG. 2A, but with 
landing pads 111 arranged asymmetrically with respect to a 
space 113 between two word lines in the middle of the subset 
112. As can be seen, the first landing pad 1122 of the left half 
of the Subset is arranged at a larger distance with respect to 
the reference position 7 than the fist landing pad 1121 of the 
right half of the subset, in other words, the distance d2 is 
larger than the distance d1. The landing pad with the largest 
distance of all landing pads of the Subset is arranged at the 
left side of the corresponding word line 2. Nevertheless, it 
can be arranged at the right side or on top of the corre 
sponding word line as well. Thus the arrangement of the 
landing pads 111 in the subset 112 looks like a Christmas 
tree with a top, but with asymmetrical boughs, or like a 
triangle. 

0045 FIG. 3A illustrates a plan view on a plurality of 
Subsets 112 of landing pads according to one embodiment of 
the present invention. The landing pads in each Subset are 
arranged symmetrically with respect to a space 113 between 
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the two word lines in the middle of the subset. In the 
following only the landing pads of one half of each Subset 
are considered, but the landing pads of the other halves are 
arranged in the same way. The first subset 112a has a first 
landing pad 1121a at the boundary to the second subset 112b 
having a first landing pad 1121b at this boundary. The first 
landing pads 1121a and 1121b are the landing pads with the 
Smallest distance of all landing pads of the considered half 
of respective subset to a reference position 7 of the memory 
device the distance measured along the direction of the word 
lines 2. The landing pads 1121a and 1121b are arranged at 
the same distance with respect to the reference position 7. 
0046 FIG. 3B illustrates a plan view on another arrange 
ment of a plurality of Subsets 112 of landing pads according 
to a further embodiment of the invention. The landing pads 
111 of each subset 112 are arranged asymmetrically with 
respect to a space 113 between the two lines in the middle 
of the subset. Thus the landing pad 1122b which is the 
landing pad of the left half of the subset 112a with the 
Smallest distance to a reference position 7 is arranged at a 
larger distance d2 with respect to the reference position 7 
than the first landing pad 1121a at the right half of the subset 
112a having a distance d1 to the reference position 7. The 
same applies to the Subset 112b. Thus, the landing pads 
1121a and 1122b adjacent to the boundary of the subsets 
112a and 112b are arranged at a different distance with 
respect to a reference position, differently stated d2>d1. 
Thus the space between two adjacent subsets 112 can be 
reduced or the dimensions of the landing pads 111 can be 
increased without the risk that the first landing pads 1121a 
and 1122b of two adjacent subsets contact or affect each 
other. 

0047. If the conductive lines are arranged homoge 
neously in a direction perpendicular to the direction of the 
lines and the first landing pads of two adjacent Subsets of 
landing pads are arranged at the same distance with respect 
to a reference position as described with respect to FIG. 3A, 
the width wip of the first landing pads of each subset has to 
be smaller than one and a half of the pitch, that is the sum 
of the width will of the conductive lines and the distance ws 
between two conductive lines. Through arranging the first 
landing pads of adjacent Subsets at different distances, the 
width wip of the first landing pads, which is the critical one, 
can become as large as two and a half of the pitch without 
contacting or affecting each other. Therefore the area of the 
landing pads can be increased resulting in a better contact 
resistance property and in relaxed overlay specifications for 
contacting an upper wiring layer. 

0.048 FIG. 3C illustrates a plan view on yet another 
arrangement of a plurality of Subsets 112 of landing pads 
according to an embodiment of the memory device. Here the 
landing pads of a Subset are arranged symmetrically with 
respect to a space 113 between the two lines in the middle 
of the subset. The first landing pad 1121a of the subset 112a 
has a larger distance d1 with respect to a reference position 
7 than the first landing pad 1121b of the subset 112b having 
a distance d2, the distance measured along the direction of 
the word lines. In the subset 112b, a space between the first 
and the second landing pad 1121b and 1122b is provided in 
that way that the first landing pad 1121a of the subset 112a 
can reach into this space. The space has a length lSS which 
may be defined by lss=lp+2xls, where lp is the length of a 
landing pad 111 and ls is the length of the space between two 
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adjacent landing pads, the length measured along the direc 
tion of the word lines 2. Thus, the space between two 
adjacent subsets can be reduced or the width wip of the first 
landing pads of each Subset and the other landing pads as 
well can be increased without landing pads contacting or 
affecting each other. Furthermore, the distance of the landing 
pad with the largest distance of one subset is the same for all 
Subsets, which can be useful during processing of the 
memory device. 
0049. The following cross-sectional views illustrating 
different processing steps illustrate views of the contact 
region 110, wherein the left side is taken between II and II 
and the right side is taken between III and III as is illustrated 
in FIG. 3A. The arrangement of landing pads and subsets of 
FIG. 3A is taken by the way of example. Nevertheless, the 
illustrated process is comparable for other arrangements or 
devices as well. By the way of example, positive photore 
sists 23, 231 and 232 and according photomasks are used in 
order to describe the inventive method. 

0050. In the further description of the invention, the steps 
of patterning a layer stack and of removing the uncovered 
portions of the layer stack will be defined as etching pro 
cesses. Nevertheless, other processes are possible to perform 
these steps. Optionally, thereafter, the hard mask material is 
removed. Nevertheless, the hard mask material can as well 
be automatically removed by the previous etching steps, or 
it can be maintained, for example, serving as an insulating 
layer. 
0051 Starting point for performing the method of the 
present invention is a semiconductor Substrate, in particular, 
a silicon Substrate, which may be p-doped. The semicon 
ductor Substrate may include any type of semiconducting 
substrate, like for instance silicon, SOI or others, which may 
already be processed and thus may include doped regions or 
may have a topographic Surface. Furthermore, several layers 
may be disposed on the Surface of the semiconducting 
Substrate or on parts of it, like for instance conductive or 
dielectric layers. 
0052 By way of example, a gate oxide layer is grown by 
thermal oxidation in a Substrate portion in which a periph 
eral portion of a memory device is to be formed. In an array 
portion, a storage layer Stack is deposited including a first 
SiO, layer having a thickness of 1.5 to 10 nm, a SiN., layer 
having a thickness of 2 to 15 nm followed by a second SiO, 
layer having a thickness of 5 to 15 nm. The storage layer 
stack is patterned so as to form lines. After covering the lines 
with a protective layer and forming spacers adjacent to the 
sidewalls of the lines of the layer stack, an implantation step 
is performed so as to define the source/drain regions in the 
exposed portions. 
0053 A bit line oxide is provided by performing a 
deposition step, followed by a step of depositing a word line 
layer stack. These steps are well known to the person skilled 
in the art of NROM devices, and a detailed description 
thereof is omitted. 

0054 FIGS. 4A to 4F illustrate cross-sectional views of 
the Substrate at different processing steps and plan views on 
the Substrate after those processing steps according to an 
embodiment of the method of the invention. 

0055 As is illustrated in FIG. 4A, as a result, on the 
surface 10 of the semiconductor substrate 1, in particular, a 
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p-doped semiconductor Substrate, in the contact region 110. 
a word line layer stack 20, a cap layer 21 and a hard mask 
layer 22 are disposed. The word line layer stack 20 usually 
includes segments of a first polysilicon layer and a second 
polysilicon layer having a total thickness of approximately 
70 to 110 nm, followed by a titanium layer (not illustrated), 
a tungsten nitride layer having a thickness of approximately 
5 to 20 nm and a tungsten layer having a thickness of 
approximately 50 to 70 nm. On top of the tungsten layer, a 
silicon nitride layer 21 having a thickness of approximately 
100 to 200 nm is disposed. 
0056. The hard mask layer may be a layer stack including 
layers of different materials which can be arbitrarily 
selected. Nevertheless, the hard mask layers must be able to 
be selectively etched with respect to each other and with 
respect to the material of the top most layer of the conduc 
tive layer stack. Examples for the hard mask materials 
include amorphous silicon and carbon. In particular, Such a 
carbon layer is made of elemental carbon, that is, carbon 
which is not contained in a chemical compound, optionally 
including additives Such as hydrogen. The carbon layer may 
be deposited using known methods like a CVD method. 
0057. In FIG. 4A, the hard mask layer 22 is made of 
amorphous silicon. The hard mask layer 22 can have a 
thickness of approximately 100 nm or more. 
0.058 A photoresist layer 23 is deposited on the resulting 
Surface and exposed using a first photomask 51. The result 
ing structure is illustrated in FIG. 4A as a cross-sectional 
view and in FIG. 4B as a plan view. Those portions of the 
photoresist layer 23 illuminated become solulable by a 
developer. In particular, the photoresist layer 23 is exposed 
with a lines/spaces pattern, wherein the spaces may have 
interruptions. Differently stated, the spaces in the first pho 
tomask are interrupted by opaque portions connecting the 
opaque lines in the first photomask. Nevertheless, other 
embodiments of the lines/spaces patterns are possible as will 
be described in FIG. 10 or 12. The peripheral region 120 is 
not exposed by the first exposure. The structures 23a in 
FIGS. 4A and 4B describe exposed patterns and the struc 
tures 23b describe unexposed patterns in the photoresist 23, 
respectively. 
0059. As is commonly used, an antireflective coating 
(ARC) layer may be disposed on top of the hard mask layer, 
for example, a hard mask layer which includes carbon. In 
particular, if carbon is taken as a hard mask material, it is 
necessary to deposit an SiON layer on top of the carbon 
layer in order to enable the resist strip. In addition, the ARC 
layer can be disposed beneath the photoresist layer. 
0060. In the next step, the photoresist 23 is exposed using 
a second photomask 52. Thus, patterns of the first photo 
mask 51 and the second photomask 52 are imaged into the 
same photoresist 23. The resulting structure is illustrated in 
FIG. 4C as a cross-sectional view and in FIG. 4D as a plan 
view, wherein those portions of the photoresist layer 23 
illuminated become solulable by a developer. In particular, 
the photoresist layer 23 is exposed with patterns in that way, 
that in the developed photoresist lines with connected land 
ing pads are defined and where the landing pads are arranged 
in the interruptions of the exposed structures of the first 
exposure. 

0061 Furthermore, lines arranged between two subsets 
of word lines are exposed in the contact region 110 and the 
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array region 100. Thus the hard mask 22, the silicon nitride 
layer 21 and the word line layer stack 20 can be removed 
from these portions in the array region in order to contact 
underlying bit lines 4 in a later process step. Thus, an 
additional lithography process for opening this region can be 
saved resulting in decreasing costs and improving yield. 
Moreover, patterns in the peripheral region 120 can be 
defined by the second exposure. Again, structures 23a 
describe exposed patterns and structures 23b describe unex 
posed patterns in the photoresist, respectively. 
0062. In the next step, the photoresist 23 is developed and 
the resulting patterns are transferred to the hard mask layer 
22. In particular, an etching step is performed, taking the 
photoresist mask as an etching mask. After removing the 
photoresist material 23, the patterns of the hard mask layer 
22 are transferred into the silicon nitride layer 21 and the 
remaining hard mask layer 22 is removed. The structure 
illustrated in FIG. 4E in a cross-sectional view and in FIG. 
4F in a plan view is obtained, wherein single lines 211 and 
single landing pads 212 of silicon nitride are formed on the 
surface of the word line layer stack 20. Nevertheless, the 
hard mask layer 22 can be maintained. 
0063. In a later process step, the patterns of the silicon 
nitride layer 21 are transferred into the word line stack 20, 
thereby simultaneously defining single word lines 2 and 
single landing pads 111 each connected with a selected ones 
of the word lines. Since this step is well known to the person 
skilled in the art, a detailed description thereof is omitted. 
0064 Referring to FIGS. 4A to 4F, the conductive lines 
obtained by patterning the conductive layer stack correspond 
to word lines 2 of a memory device, the word lines 2 being 
disposed above another conductive layer including bit lines 
4 of that memory device. The memory device further 
includes memory cells, each of the memory cells being able 
to be accessed by addressing a corresponding word line 2. 
Nevertheless, as is clearly to be understood, the conductive 
lines can as well correspond to the bit lines 4 or any other 
wiring on a dense pitch, that is a pitch Smaller than 140 nm. 
0065 Separating the exposures of the word lines and of 
the landing pads allows to optimize each exposure and each 
photomask with respect to the imaged structures. Further 
more, the hard mask can be removed from portions of the 
array region 100, where the underlying bit lines have to be 
contacted in a later process step, in the second exposure. 
That is, the hard mask is removed in an earlier processing 
step than in conventionally used methods without disturbing 
the homogeneity of the imaged space/line structures. Thus, 
imaging of Small line structures with the first photomask in 
a first exposure is possible and a further lithography step to 
remove word lines from the array region described above is 
saved. 

0.066 FIGS. 5A to 5G illustrate cross-sectional views of 
the Substrate at different processing steps and plan views on 
the Substrate after these processing steps according to 
another embodiment of the method of the invention using 
two separate lithography steps. Each lithography step 
includes imaging patterns into a separate photoresist and 
developing this photoresist. The patterns in the respective 
photoresist are transferred separately into a hard mask layer 
stack. 

0067 Thus, the separated lithography processes can be 
optimized for imaging the respective structures without 
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affecting the imaging of the other structures. In particular, 
the illumination parameters can be optimized for imaging 
line and space structures. Smaller dimensions of lines in the 
photoresist layer can be achieved compared to a double 
exposure process that images patterns of both photomasks 
into the same photoresist layer as described above. Since the 
mechanical stress to the photoresist lines is more homoge 
neous in the first exposure, where the line and space struc 
tures are homogeneously arranged, Smaller line widths can 
be achieved. If the patterns of the second photomask are 
imaged into the same photoresist layer, photoresist lines 
having Small widths and being adjacent to relatively large 
regions without photoresist may collapse when the photo 
resist is developed. This is avoided by separating the imag 
ing of patterns of the first and second photomasks. 
0068 Moreover, a rework of the second lithography 
process can be done without the need of repeating the first 
exposure. Furthermore, not only the lithography processes 
can be optimized with respect to the structures, but also the 
process of providing the second photoresist and the etching 
processes profit from Such an optimization of structures, in 
particular from a homogeneous arrangement of structures, 
resulting in the possibility to further reduce structure dimen 
S1O.S. 

0069. The steps of etching the hard mask layer stack after 
the first and the second lithographic process may be per 
formed so that after the first lithographic process only the top 
most layer of the hard mask layer stack is etched. After the 
second lithographic process, the patterns in the second 
photoresist are transferred into the top most hard mask layer. 
The resulting pattern in the top most hard mask layer is 
transferred to the other layers of the hard mask layer stack, 
after removing the second photoresist from the hard mask 
layer stack. Thus, the other hard mask layers can be etched 
without being affected by photoresist residues or other 
effects resulting from photoresist on top of the hard mask. 
0070). As is illustrated in FIG.5A, on the surface 10 of the 
semiconductor Substrate 1, in particular, a p-doped semi 
conductor Substrate, in the contact region 110, a word line 
layer stack 20, a silicon nitride layer 21 and a hard mask 
layer 22 are disposed, as described with respect to FIG. 4A. 
0071. A first photoresist layer 231 is deposited on the 
resulting Surface, exposed using a first photomask 51 
wherein the regions of the photoresist layer 231 which were 
illuminated become solulable by a developer and developed. 
The resulting structure is illustrated in FIG. 5A. In particular, 
the photoresist layer 231 is exposed with a line/space 
pattern, wherein the spaces in the first photomask may be 
interrupted by opaque segments of line which connect the 
opaque lines. Nevertheless, other embodiments of the line/ 
space patterns are possible as will be described in FIG. 10 
or 12. As a result, the photoresist 231 forms continuous lines 
in the array and contact regions, two adjacent lines being 
spaced apart from each other by a corresponding space 
structure and being connected with each other by the seg 
ment of line of the corresponding space structure that forms 
a bridge in the interruption of the space between the lines. 
In the spaces the hard mask layer 22 lies on the surface of 
the substrate. The peripheral region 120 may be not exposed 
by the first exposure. 
0072. In the next step, the patterns of the first photoresist 
231 are transferred into the hard mask layer 22. In particular, 
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an etching step is performed, taking the photoresist mask as 
an etching mask. After removing the photoresist material 
231, the structure illustrated in FIG. 5B in a cross-sectional 
view and in FIG. 5C in a plan view is obtained, wherein 
single lines 221 of the hard mask material 22 are formed 
which are connected by bridges 222 of the hard mask 
material 22. In the spaces between the lines 221 the silicon 
nitride layer 21 lies on the surface of the substrate. 
0073. In the next step, a second photoresist 232 is depos 
ited on the resulting Surface, exposed with a second photo 
mask 52 wherein the regions of the photoresist layer 232 
which where illuminated become solulable by a developer 
and developed. Again an ARC layer can be used as described 
above. The resulting structure is illustrated in FIG.5D in a 
cross-sectional view and in FIG. 5E in a plan view. In 
particular, the photoresist layer 232 is exposed in that way, 
that in the developed photoresist patterns are defined that 
cover lines with connected landing pads in the array and 
contact regions. Furthermore, portions arranged between 
two subsets of word lines are exposed in the array and the 
contact regions 100 and 110. Thus the hard mask lines 221 
and the underlying layers 21 and 20 can be removed from 
these portions in the array region in order to contact under 
lying bit lines 4 in a later process step. Moreover, patterns in 
the peripheral region 120 can be defined by the second 
exposure. 

0074. In the next step, patterns of the second photoresist 
232 are transferred to the hard mask layer 22. In particular, 
an etching step is performed, taking the photoresist mask as 
an etching mask. After removing the photoresist material 
232, the patterns of the hard mask layer 22 are transferred 
into the silicon nitride layer 21 and the remaining hard mask 
layer 22 is removed. The structure illustrated in FIG. 5F in 
a cross-sectional view and in FIG. 5G in a plan view is 
obtained, wherein single lines 211 and single landing pads 
212 of silicon nitride are formed on the surface of the word 
line layer stack 20. Nevertheless, the hard mask layer 22 can 
be maintained. 

0075. In a later process step, the patterns of the silicon 
nitride layer 21 are transferred into the word line stack 20, 
thereby defining single word lines 2 and single landing pads 
111 each connected with a selected ones of the word lines. 
Since this step is well known to the person skilled in the art, 
a detailed description thereof is omitted. 
0076 One embodiment of the manufacturing method 
described with respect to the FIG. 5 is advantageous with 
respect to the first patterning step of hard mask layer 22 and 
the deposition of the second photoresist 232 since the pattern 
of the first photoresist and therefore the pattern in the hard 
mask layer 22 after the first patterning process are very 
homogeneous. Furthermore, the line structures imaged by 
the first exposure, in particular, the width of the lines in the 
contact region 110, are not affected by the second exposure, 
in particular, not affected by Stray light due to the second 
exposure, since the first and the second exposure are not 
carried out into the same photoresist. 
0077 FIG. 6 illustrates a cross-sectional view of a new 
hard mask layer stack according to the invention. On the 
surface 10 of a semiconductor substrate 1, for example, a 
word line layer stack 20, a silicon nitride layer 21 and a hard 
mask 6 are disposed. The hard mask 6 includes three layers 
61 to 63 of different materials. The first hard mask layer 61 
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is, for example, a carbon layer. Such a carbon layer is made 
of elemental carbon, that is, carbon which is not contained 
in a chemical compound, optionally including additives Such 
as hydrogen. The carbon layer may be deposited using 
known methods like a CVD method. The hard mask layer 61 
can have a thickness of approximately 100 nm to 150 nm. 
The second hard mask layer 62 is made of silicon oxide, for 
example, having a thickness of about 10 nm to 30 nm. The 
second hard mask layer 62 may be made of silicon oximitride 
as well. The third hard mask layer 63 is made of silicon, for 
example, wherein the silicon layer may be made of any type 
of silicon like amourphous, poly- or monocrystalline silicon 
having a thickness of about 10 nm to 50 nm, in particular 
about 20 to 30 nm. 

0078. As is illustrated in FIG. 6, hard mask layers 61 to 
63 of hard mask layer stack 6 are unstructured across the 
whole surface. None of the layers 61 to 63 includes struc 
tures or topography in that section of the Substrate surface 
10, above which they are arranged. 
0079 The materials and thicknesses of the hard mask 
layers 61 to 63 can arbitrarily be selected as far as sufficient 
etch selectivities with respect to each other and the materials 
of the underlying layers are given. In particular, the layerS 62 
and 63 has to be etched selectively to each other, and the 
layer 61 has to be etched selectively to the underlying layer 
21. Differently stated, when etching layer 63 the layer 62 
should be removed with an etch rate much smaller than that 
of layer 63, and when etching layer 62 the layer 63 should 
be removed with an etch rate much smaller than that of layer 
62. 

0080. The thickness of the layer 61 may be larger than 
that of the layer 62, and the thickness of the layer 62 may be 
larger than the thickness of the layer 63. 
0081. It is obvious that such a hard mask layer stack may 
be used to pattern any kind of underlying layer and that its 
use is not limited to conductive layers adjacent to the carbon 
hard mask layer. 
0082 Embodiments of this new hard mask layer stack 
has different advantages as described with respect to FIG. 7. 
FIGS. 7A to 7D illustrate cross-sectional views of the 
Substrate at different processing steps according to the 
embodiment of the method of the invention described in 
FIG. 5, but using the new hard mask layer stack 6. The plan 
views of the structures after the different processing steps are 
omitted, since they correspond to the plan views illustrated 
in FIGS. 5C, 5E and 5G with structures patterned in the third 
hard mask layer 63 in FIGS. 5C and 5G. 
0083. As is illustrated in FIG. 7A, on the surface 10 of the 
semiconductor Substrate 1 in particular, a p-doped semicon 
ductor substrate, in the contact region 110, a word line layer 
stack 20, a silicon nitride layer 21 and a hard mask layer 
stack 6 including layers 61 to 63 are disposed, as described 
with respect to FIG. 4A. The hard mask layer stack includes 
a carbon layer 61, a silicon oxide layer 62 and a silicon layer 
63, as described with respect to FIG. 6. 
0084. A first photoresist layer 231 is deposited on the 
resulting Surface, that is directly on and in contact with the 
uppermost layer 63 of the hard mask layer stack, exposed 
using a first photomask 51 wherein the regions of the 
photoresist layer 231 which where illuminated become 
solulable by a developer and developed. The resulting 
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structure is illustrated in FIG. 7A. In particular, the photo 
resist layer 231 is exposed with a line/space pattern, wherein 
the spaces may have interruptions as described above with 
respect to FIGS. 4 and 5. Nevertheless, other embodiments 
of the line/space patterns are possible as will be described in 
FIG. 10 or 12. The peripheral region 120 may not be 
exposed by the first exposure. 

0085. In the next step, the patterns of the first photoresist 
231 are transferred into the silicon layer 63. In particular, an 
etching step is performed, taking the photoresist mask as an 
etching mask. After removing the photoresist material 231, 
the structure illustrated in FIG. 7B is obtained, wherein 
single lines 631 of silicon are formed which are connected 
by bridges 632 of silicon. The plan view on this structure is 
illustrated in FIG. 5C. 

0086. In the next step, a second photoresist layer 232 is 
deposited on the resulting Surface, exposed using a second 
photomask 52 wherein the regions of the photoresist layer 
232 which where illuminated become solulable by a devel 
oper and developed. The resulting structure is illustrated as 
a cross-sectional view in FIG. 7C and as a plan view in FIG. 
5E. In particular, the photoresist layer 232 is exposed with 
patterns in that way, that in the developed photoresist lines 
with connected landing pads are defined. Furthermore, lines 
arranged between two Subsets of word lines are exposed in 
the array region 100. Thus the hard mask layer stack 6, the 
silicon nitride layer 21 and the word line layer stack 20 can 
be removed from these portions in the array region in order 
to contact underlying bit lines 4 in a later process step. 
Moreover, patterns in the peripheral region 120 can be 
defined by the second exposure. 

0087. Since the silicon layer 63 is thin with respect to a 
commonly used hard mask layer 22 as described with 
respect to FIGS. 4 and 5, the topography of the resulting 
surface after the first patterning of the silicon layer 63 is 
small. Therefore the exposure of the second photoresist 232 
is not critical with respect to the depth of focus, and a double 
lithography process for Small structures becomes possible. 
In the first patterning process, for instance, array structures 
with critical dimensions less than 100 nm are generated in 
layer 63 by a first lithography and etching. In the second 
patterning process, for instance, landing pad structures and 
periphery structures are generated in layer 63 by a second 
lithography and etching. Conventionally, the Surface of the 
commonly used hard mask layer stack illustrates a high 
topography with steps of more than 120 nm after the first 
patterning process. Thus, in the second lithography the 
necessary depth of focus could not be reached making a 
double lithography process impossible. On the other hand, 
generating Small array structures needs a lithography pro 
cess and a first mask optimized with respect to the array 
structures, which makes a second lithography with a second 
mask for generating the landing pads and periphery struc 
tures necessary. The new hard mask layer stack 6 according 
to the invention solves this problem. 

0088. In case of a commonly used hard mask with carbon 
used as hard mask layer 22 as described above, removing the 
first or the second photoresist will affect also the carbon 
layer. Therefore rework of the second photoresist, necessary 
for instance if a failure occurred during the second exposure, 
is impossible without detoriating the edges of the structures 
already patterned in the hard mask layer 22. Since in the 



US 2007/0243707 A1 

new hard mask layer stack 6 the carbon layer 61 is protected 
by the layer 62, a rework of the second photoresist will not 
result in detonating the patterns. 
0089. In the next step, the silicon layer 63 is etched, 
taking the photoresist layer 232 as an etching mask. After 
removing the photoresist material 232, the patterns of the 
silicon layer 63 are transferred into the silicon oxide layer 
62, the carbon layer 61 and the silicon nitride layer 21. 
Remaining parts of hard mask layers 63 to 61 are removed 
during the single etching steps or following the last etching 
step. The structure illustrated in a cross-sectional view in 
FIG. 7D and in a plan view in FIG.5G is obtained, wherein 
single lines 211 and single landing pads 212 of the silicon 
nitride are formed. Nevertheless, one or more of the hard 
mask layers 63 to 61 can be maintained. 
0090. In a later process step, the patterns of the silicon 
nitride layer 21 are transferred into the word line stack 20, 
thereby defining single word lines 2 and single landing pads 
111 each connected with a selected ones of the word lines. 
Since this step is well known to the person skilled in the art, 
a detailed description thereof is omitted. 
0.091 Although the use of the above described new hard 
mask layer stack 6 is described with respect to FIG. 7, the 
use of the new hard mask layer stack 6 is possible and 
advantageous for any process including more than one 
lithographic exposure and corresponding etching process 
referring to the same layer. Thus, only the layer 63 will be 
etched after the first lithography process and after the second 
lithography process. Since the silicon hard mask layer is 
very thin, these etching processes are short, resulting in less 
etching damages and in possible reduction of costs. Further 
more, thin photoresist layers may be used, which is advan 
tageous for photolithography with wave length of 193 nm 
and less. 

0092 Patterning of the silicon hard mask layer may 
include providing a first photoresist layer on top of the 
silicon hard mask layer, imaging first structures in a first 
exposure step using a first photomask into the first photo 
resist layer, developing the first photoresist layer, so as to 
generate a photoresist pattern on the silicon hard mask layer, 
etching the uncovered portions of the silicon hard mask 
layer thereby forming first patterns and removing the first 
photoresist layer from the silicon hard mask layer leaving a 
surface of the substrate with regions covered by the silicon 
hard mask layer and regions with uncovered first layer of the 
hard mask layer stack. The patterning of the silicon hard 
mask layer may further include providing a second photo 
resist layer on top of the Surface, imaging second structures 
in a second exposure step using a second photomask into the 
second photoresist layer, developing the second photoresist, 
So as to generate a photoresist pattern on the Surface, and 
etching the uncovered portions of the silicon hard mask 
layer thereby forming second patterns. 

0093 FIGS. 8 to 14 illustrate plan views on embodiments 
of the first and the second photomask according to the 
invention or details of them. One set of photomasks accord 
ing to an embodiment of the present invention includes a 
first and a corresponding second photomask. The first pho 
tomask is used to image the line structures, while the second 
photomask is used to define the landing pads connected to 
corresponding lines, to remove structures, which are 
obtained by a lithographic process using the first photomask 
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and which are not needed for connecting word lines and 
landing pads, and to define structures in the peripheral 
region. The photomasks illustrated are masks used to expose 
positive photoresists. Masks used for exposing negative 
photoresists can be formed in the same manner, but have to 
have opposite structures. 

0094) Moreover, the photomasks may include regions 
with other structures not illustrated in FIGS. 8 to 14, 
particularly peripheral structures. 

0095 FIG. 8A illustrates a plan view on a first photomask 
51 of a first embodiment of the inventive set of photomasks. 
In particular, the structures in the first photomask are 
arranged in a plurality of Subsets, and one Such subset is 
illustrated. In the array region 100 opaque lines 511 are 
arranged homogeneously, which are separated by transpar 
ent spaces 512. The widths of the lines and spaces corre 
spond to the width will of the wordlines to be patterned and 
the distances ws between them, respectively. The line/space 
structures form a grating with opaque lines and transparent 
spaces. In the fan-out or contact region 110, the spaces 512 
have first transparent segments 512a, interruptions 513 and 
second transparent segments 512b. The breaks or interrup 
tions in the spaces are opaque portions interrupting the 
transparent spaces. The interruptions 513 thereby separate 
the transparent segments 512a and 512b and connect neigh 
bouring lines 511. The interruptions 513 are arranged in a 
staggered fashion at different distances with respect to a 
reference position 7, the distances measured along the 
direction of the lines 511 and increasing in a direction 
perpendicular to the direction of the lines. The length of the 
interruptions measured along the direction of the lines can 
be slightly larger than the length lp of the landing pads to be 
created. The width wip of the landing pads to be created is 
limited by the distance of two spaces 512 adjacent to the 
interruption 513, thus wipz=2xwl+ws. The interruptions are 
arranged symmetrically with respect to a space 515 between 
the two middle lines of the subset of landing pads illustrated 
in FIG. 8A. The space 515 does not have an interruption. In 
the peripheral region 120, the mask is opaque. The homo 
geneous arrangement of lines and spaces in the array and 
contact region improves the imaging of the structures, thus 
allowing to reduce the width of the lines and spaces. 

0.096 FIG. 8B illustrates another embodiment of the first 
photomask of the present invention having also a symmetri 
cal arrangement of lines 511 and spaces 512 in a subset 112 
as described with respect to FIG. 8A, but here assist features 
514 are located in the interruptions. The assist features have 
a width below the resolution limit of the lithographic tool 
and thus they are not printed. Thus, the spaces 512 are 
continuous spaces with a segment 512a having a width w1, 
a segment 514 having a width w2 and a segment 512b 
having a width w1, where w1>w2. 

0097 FIG. 9 illustrates a plan view on a second photo 
mask according to the photomask set including any of the 
masks illustrated in FIGS. 8A and 8B. The mask including 
an opaque region in the array region 100, and an opaque 
structure in the contact region 110 in that way that the 
interruptions 513 of the first photomask are partially covered 
by the fingers 521 and the lines and spaces at the side of the 
interruptions 513 adjacent to the array region are entirely 
covered. The dimension of the opaque structures 521 cov 
ering the interruptions 513 measured along the direction of 
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the line structures of the first photomask corresponds to the 
length lp of the landing pads 111 to be created. 

0.098 As can be seen, there is a transparent portion 522 
in the array region 100, thus exposing defined lines 511 
created by the first photomask. In this portion the photoresist 
will not cover the lines, and opening this portion is possible 
in order to contact underlying bit lines in a later process step. 
As a result, a further lithography process for removing 
defined word lines at a later process step can be saved, thus 
improving yield and saving costs. In the peripheral region 
120, structures not illustrated in FIG. 9 can be defined. 

0099 FIG. 10A illustrate a plan view on another first 
photomask 51 of the first embodiment of the inventive set of 
photomasks. In particular, as can be seen, one Subset 112 of 
structures is illustrated with line/space structures as 
described with respect to FIG. 8A, but with interruptions 
513 of spaces 512 arranged asymmetrically with respect to 
a space 515 between the two middle lines of the subset. The 
space 515 does not have an interruption. 

0100 FIG. 10B illustrates a plan view on another first 
photomask 51 of the first embodiment of the inventive set of 
photomasks. In particular, as can be seen, one Subset 112 of 
structures is illustrated with line/space structures as 
described with respect to FIG.8B, but with interruptions 513 
of spaces 512 arranged asymmetrically with respect to a 
space 515 between the two middle lines of the subset. 
01.01 FIG. 11 illustrates a plan view on a second photo 
mask according to the photomask set including any of the 
masks illustrated in FIGS. 10A and 10B. The mask is very 
similar to that of the photomask illustrated in FIG. 9, but 
with an arrangement of the opaque region corresponding to 
the structures of the photomasks illustrated in FIGS. 10A 
and 10B. In particular, the fingers 521 are arranged asym 
metrically according to the arrangement of interruptions 513 
in the first photomask. Again, there is a transparent portion 
522 in the array region 100 resulting in the above described 
advantages. In the peripheral region 120 structures not 
illustrated in FIG. 11 can be defined. The detail 526 of FIG. 
11 will be described with respect to FIG. 14. 
0102) The photomasks, illustrated in FIGS. 8 to 11 may 
include non-printing assist features. Assist features like 
serifs or scattering bars can be arranged at the edges or 
boundaries of the structures in the first or second photomask. 
These assist features improve the lithographic imaging of 
the structures. Also other assist features which will be 
printed by the lithographic processes can be used outside the 
regions comprising the line structures or landing pads to 
further improve the imaging of structures. 

0103 FIGS. 12A to 12D illustrate plan views on different 
first photomasks 51 of a second embodiment of the inventive 
set of photomasks. In particular, the structures in the first 
photomask are arranged in a plurality of Subsets, and one 
subset 112 is illustrated in FIG. 12A. In the array region 100 
opaque lines 511 are arranged homogeneously, which are 
separated by transparent spaces 512. The widths of the lines 
and spaces correspond to the width of the wordlines to be 
patterned and the distances between them, respectively. The 
line/space structures form a grating with opaque lines and 
transparent spaces. In the fan-out or contact region 110, the 
spaces 512 extend to different distances with respect to a 
reference position 7, the distance measured along the direc 
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tion of the lines 511 and increasing within a half of the subset 
112. At a distance greater than the extent of the spaces 512 
the mask 51 is opaque. 

0.104 Spaces 512 of one subset 112 with the same extent 
are arranged symmetrically with respect to a space 515 
between the two middle lines of the subset. The space 516 
separating two Subsets 112 extends over the entire contact 
region 110, but other extents are possible, too. The space 516 
has the function to separate the landing pads adjacent to this 
space that will be imaged using the second photomask. Thus, 
the space 516 has to extend to a distance to which the 
adjacent landing pads will extend. In the peripheral region 
120, the mask is opaque. The homogeneous arrangement of 
lines and spaces in the array region improves the imaging of 
the structures, thus allowing to reduce the width of the lines 
and spaces. 

0105 FIG. 12B illustrates another embodiment of the 
first photomask of the present invention which is very 
similar to that illustrated in FIG. 12A. The photomask has 
also a symmetrical arrangement of spaces 512 extending to 
the same distance in a subset 112, but here assist features 514 
are disposed adjacent to the spaces 512. Differently stated, 
the assist features 514 continue the spaces 512. The assist 
features have a width below the resolution limit of the 
lithographic tool and thus they are not printed. But they 
improve the imaging of the spacefline structures in the 
contact region 110. 

0106 The spaces 512 extending to the same distance can 
be arranged asymmetrically with respect to a space 515 
between the two lines in the middle of the subset 112. FIG. 
12C illustrates an example of Such an arrangement with 
assist features 514 continuing the spaces 512 in the entire 
contact region 110. Nevertheless, also an arrangement with 
out Such assist features is possible, similar to that illustrated 
in FIG. 12A. 

0107 The photomasks illustrated in FIG.9 or FIG. 11 can 
be used as the second photomask 52 of the photomask set 
according to embodiments of the invention, respectively. 
The opaque structure in the contact region 110 has to extend 
in that way, that the fingers 521 extend to a longer distance 
than the corresponding spaces 512 in the first photomask 51 
with respect to a reference position 7, thus defining landing 
pads 111 in the patterned structure. The dimension of the 
fingers 521 measured in the direction of the lines in the first 
photomask defines the length lp of the landing pads. 

0.108 FIG. 12D illustrates another first photomask of the 
second embodiment of the photomask set according to an 
embodiment of the present invention. The spaces 512 of one 
Subset extending to the same distance with respect to a 
reference position 7 are arranged symmetrically with respect 
to the space 515 between the two lines 511 in the middle of 
the subset. There are two different types of subsets, subset 
112a and subset 112b. The space 512a that is the space 
adjacent to the line at the boundary of the subset 112a 
extends to a larger distance than the space 512b that is the 
space adjacent to the line at the boundary of the subset 112b. 
The first photomask illustrated in FIG. 12D corresponds to 
the structure illustrated in FIG. 3C. 

0.109 FIG. 13 illustrates a plan view on a second photo 
mask according to the photomask set including the mask 
illustrated in FIG. 12D. The mask includes an opaque region 
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in the array region 100, and an opaque structure in the 
contact region 110 in that way that the fingers 521 extend to 
a longer distance than the corresponding spaces 512 of the 
first photomask. Thus landing pads are patterned connected 
to adjacent lines 511. The dimension of the opaque struc 
tures 521 measured along the direction of the line structures 
of the first photomask corresponds to the length lp of the 
landing pads 111 to be created. As can be seen, there is a 
transparent portion 522 in the array region 100, thus expos 
ing defined lines 511 created by the first photomask. In this 
portion the photoresist will not cover the lines, and it is 
possible to open this portion in order to contact underlying 
bit lines in a later process step. Therefore, a further lithog 
raphy process for removing defined word lines at a later 
process step is saved, thus improving yield and saving costs. 
In the peripheral region 120 structures not illustrated in FIG. 
13 can be defined. Manufacturing a memory device accord 
ing to the present invention and using a photomask set 
comprising the photomasks illustrated in FIGS. 12D and 13 
results in a memory device having a structure of landing 
pads illustrated in FIG. 3C. 

0110. The photomasks, illustrated in FIGS. 12 and 13 
may include non-printing assist features. Assist features like 
serifs or scattering bars can be arranged at the edges or 
boundaries of the structures in the first or second photomask. 
These assist features improve the lithographic imaging of 
the structures. Also other assist features which will be 
printed by the lithographic processes can be used outside the 
regions comprising the line structures or landing pads to 
further improve the imaging of structures. 

0111 FIG. 14 illustrates the detail 526 of FIG. 11. Nev 
ertheless, the described structures can be applied to any 
structure in any photomask which may benefit from using 
those structures while being imaged. In particular, FIG. 14 
illustrates assist features 524 applied to fingers 521. Non 
printing opaque serifs are used as assist features to improve 
the imaging of the edges of fingers 521. The transparent 
portions 525 adjacent to the fingers 521 improve the imaging 
of the space between two neighbouring fingers. The dashed 
line describes the boundary of the finger 521 patterned in the 
photoresist. These assist features and transparent portions 
can be applied to every space and finger. Nevertheless, other 
assist features like scattering bars or others, printing or 
non-printing, can be used in any photomask described here 
as it is well known to persons skilled in the art. 

0112 FIG. 15A illustrates a cross-sectional view of a 
another new hard mask layer stack. On a surface 10 of a 
substrate or carrier 1, for example, a structure layer 20, a 
sacrificial layer 21 and a hard mask layer stack 8 may be 
disposed. The Substrate 1 may, for instance, be a semicon 
ductor Substrate and may, for instance, include semiconduc 
tor devices, like transistors, memory cells or others. The 
structure layer 20 may, for instance, be a word line layer 
stack comprising at least one conductive layer. The sacrifi 
cial layer 21 may, by way of example, be a silicon nitride 
layer. It is already patterned, as illustrated in FIG. 15A. The 
sacrificial layer 21 has a thickness of more than 100 nm. If 
a photoresist material is directly provided on top of the 
patterned sacrificial layer 21, problems may arise with 
respect to the depth of focus in a photolithographic process. 

0113. The hard mask layer stack 8 includes a carbon layer 
81 disposed above the structure layer 20 and a cover layer 
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82. The carbon layer 81 may be made of elemental carbon, 
that is, carbon which is not contained in a chemical com 
pound, optionally including additives such as hydrogen. The 
carbon layer 81 may be deposited using known methods like 
a CVD method. The carbon layer 81 is deposited such, that 
it forms a closed surface above the patterns in Sacrificial 
layer 21. There are no portions of structure layer 20 or 
sacrificial layer 21 being exposed. Voids may exist in the 
carbon layer 81 in the spaces between patterns of layer 21, 
as illustrated in FIG. 15A. The carbon layer may be depos 
ited essentially only on top of the patterns in sacrificial layer 
21, for instance with an angle of 45° to the top surface of that 
patterns, leaving the spaces between the patterns unfilled. 
The carbon layer may be removed without affecting the 
patterns in sacrificial layer 21. The use of such a carbon layer 
provides an essentially planar Surface above the patterned 
layer 21 without the need of a planarization process like 
CMP (Chemical mechanical polishing) after deposition of 
an hard mask layer. There may be only Small topographic 
differences in the surface of the carbon layer 81 with a height 
of some nm, the height being smaller than 30 nm. Therefore 
no problems with respect to depth of focus may arise when 
depositing a photoresist material above the carbon layer 81 
and carrying out a photolithographic process. Furthermore, 
the carbon layer provides very good etching properties with 
very good dimension control and etch taper control. The 
carbon layer 81 may have a thickness d81 of more than 100 
nm. The carbon layer 81 may have a thickness d81 of less 
than 1000 nm. The thickness d81 is measured from top of 
layer 21 to the top of the carbon layer 81. 
0114. The cover layer 82 is disposed on top of the carbon 
layer 81 and may be made of a material selected from a 
group comprising silicon oxynitride, silicon oxide, silicon 
nitride, and silicon. Nevertheless it may include other mate 
rials which are able to protect the carbon layer 81 during 
processing like for instance processing and rework of a 
photoresist layer lying on top of the carbon layer. Further 
more, the use of Such a cover layer improves the patterning 
of the carbon layer since the cover layer may act as etching 
mask for etching the carbon layer instead of a photoresist 
layer. The cover layer may act as an anti-reflective coating 
layer for photolithographic processing of a photoresist dis 
posed on top of the cover layer 82. If the cover layer 82 is 
a silicon oxynitride layer, the ratios of the elements Si, Oand 
N within the layer 82 may be varied in accordance to 
predetermined optical properties of this layer. The cover 
layer 82 may have a thickness of more than 20 nm. The 
cover layer 82 may have a thickness of less than 60 nm. The 
thickness of the carbon layer 81 may be larger than the 
thickness of the cover layer 82. 
0115 FIG. 15B illustrates a cross-sectional view of 
another new hard mask layer stack. On a surface 10 of a 
substrate or carrier 1, for example, a structure layer 20, a 
sacrificial layer 21 and a hard mask layer stack 8 may be 
disposed. The substrate 1, the structure layer 20, and the 
layer 21 may be formed as described with respect to FIG. 
15A. The hard mask layer stack 8 includes a carbon layer 81 
disposed above the structure layer 20, an intermediate layer 
83, and a cover layer 82. The carbon layer 81 is formed as 
described with respect to FIG. 15A. 
0.116) The intermediate layer 83 is disposed on top of the 
carbon layer 81 and may be formed of a material selected 
from a group comprising silicon oxynitride, silicon oxide, 
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silicon nitride, and silicon. It may be formed for example of 
silicon, like for example of amorphous or monocrystalline 
silicon or of polysilicon. Nevertheless, the material of the 
intermediate layer 83 may be arbitrarily selected as far as 
sufficient etch selectivities with respect to the carbon layer 
81 and the cover layer 82 are given. The intermediate layer 
83 may be deposited using known methods like a CVD 
method. The intermediate layer 83 may have a thickness of 
more than 20 nm. The intermediate layer 83 may have a 
thickness of less than 100 nm. 

0117 The cover layer 82 is disposed on top of the 
intermediate layer 83. The cover layer 82 may be formed of 
different materials as described above and may act as an 
anti-reflective coating layer. The material of the cover layer 
82 may be another material as that of the intermediate layer 
83. The cover layer 82 may have a thickness of more than 
20 nm. The cover layer 82 may have a thickness of less than 
60 nm. The thickness of cover layer 82 may be smaller than 
the thickness of the intermediate layer 83. 
0118. The thickness of the carbon layer 81 may be larger 
than the thickness of the cover layer 82. The thickness of the 
carbon layer 81 may be larger than the thickness of the 
intermediate layer 83. The carbon layer 81 and the interme 
diate layer 83 exist in an unpatterned manner beneath the 
cover layer 82. The carbon layer 81 and the intermediate 
layer 83 do not show a topography or include structures. 
0119) The materials and thicknesses of the hard mask 
layers 81 to 83 can arbitrarily be selected as far as sufficient 
etch selectivities with respect to each other and the materials 
of the underlying layers are given. In particular, the layers 82 
and 83 has to be etched selectively to each other, and the 
layer 81 has to be etched selectively to the underlying layer 
21. Differently stated, when etching layer 82 the underlying 
layer 83 or 81, respectively, should be removed with an etch 
rate much smaller than that of layer 82, and when etching 
layer 83 or 81, respectively, the layer 82 should be removed 
with an etch rate much smaller than that of layer 83 or 81. 
0120) A mask layer stack may include a carbon layer, an 
intermediate layer disposed on top of the carbon layer, a 
cover layer disposed on top of the intermediate layer, and a 
photo resist layer on top of the cover layer, wherein the 
thickness of the cover layer is less than 50 nm. 
0121 An integrated circuit, for example a memory 
device, may include at least a first layer to be patterned and 
a hard mask layer stack, the stack comprising a carbon layer 
disposed on top of the layer to be patterned, an intermediate 
layer disposed on top of the carbon layer, and a cover layer 
disposed on top of the intermediate layer. 

0122) The use of an intermediate layer 83 and a cover 
layer 82 is advantageous for a process sequence comprising 
two photolithographic processes for patterning the same 
layer, like for instance the cover layer 82. Such a process 
sequence is described above with respect to FIG. 7. 
0123. It is obvious that such hard mask layer stacks may 
be used to pattern any kind of underlying layer and that their 
use is not limited to conductive layers adjacent to the carbon 
hard mask layer. 

0124 FIG. 16A shows a flow diagram of a method of 
patterning a layer. Ahard mask layer stack is provided on top 
of a patterned layer (S11). The patterned layer may be a first 
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hard mask on top of a conductive layer stack. The pattern in 
the patterned layer may include line patterns with an equal 
line width and/or an equal space width, like for instance 
word line patterns of a memory array. The hard mask layer 
stack includes a carbon layer disposed on top of the pat 
terned layer. 

0.125 The hard mask layer stack is removed from above 
a predetermined section of the patterned layer (S12). 
0.126 Then the patterns in the pattern layer are removed 
from the predetermined section (S13). For example, prede 
termined line structures in the first hard mask may be 
removed to form a modified first hard mask. This modified 
first hard mask may be used to pattern an underlying layer, 
like for instance a conductive layer stack to form for instance 
conductive lines. The modified first hard mask may be used 
for instance as an etch mask in an etching process. 
0.127 FIG. 16B shows a flow diagram of a method of 
patterning a layer. Ahard mask layer stack is provided on top 
of a layer to be patterned (S21). The layer to be patterned 
may be a first hard mask disposed on top of a conductive 
layer stack and the hard mask layer stack may then be a 
second hard mask. The hard mask layer stack includes a 
cover layer as an uppermost layer. 
0128. The cover layer is removed from above a prede 
termined section of the layer to be patterned (S22). The 
predetermined section may be a section of an array region of 
a memory device. 
0129. Thereafter the cover layer is patterned (S23), for 
instance according to a pattern in a photoresist layer dis 
posed on top of the cover layer. The patterns may include, 
for instance, line patterns with an equal line width and/or an 
equal space width, like for instance word line patterns of a 
memory array. 

0.130. The patterns in the cover layer are transferred into 
the other layers of the hard mask layer stack and into the 
layer to be patterned (S24). The patterned layer may be used 
to pattern an underlying layer, like for instance a conductive 
layer stack to form, for instance, conductive lines. The 
patterned layer may be used for instance as an etch mask in 
an etching process. 

0131 FIG. 17A to 17D illustrate a method for patterning 
a layer using cross-sectional views of a Substrate at different 
processing steps. As an example, the removal of predeter 
mined word lines of a memory array will be described. 
Another method for removing predetermined word lines is 
described with respect to FIG. 4, 5 or 7. The predetermined 
word lines are removed from an array of word lines with an 
equal line width and/or equal space width. For example, 
these word line may be configured to address single memory 
cells in an memory cell array. Predetermined hard mask 
portions may be removed in a hard mask level above a word 
line level. 

0.132. As can be seen in FIG. 17A, a structure layer stack 
20, a sacrificial layer 21, and a hard mask layer stack 8 are 
disposed on top of a surface 10 of a substrate or carrier 1. 
The structure layer stack 20 may, for instance, include a 
word line layer stack comprising a first polysilicon layer 
201, a second polysilicon layer 202, and a metal layer 203. 
The sacrificial layer 21 may, for instance, be a silicon nitride 
layer and may serve as a hard mask layer for patterning the 
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structure layer stack 20. It may already be patterned, as 
illustrated in FIG. 17A. The layer 21 may include structures, 
like for instance line structures according to word line 
Structures. 

0133. The hard mask layer stack may include a carbon 
layer 81 and a cover layer 82. The carbon layer 81 is formed 
So as to have a closed and essentially planar Surface above 
the structures in layer 21, as described with respect to FIG. 
15A. On top of the cover layer 82 a photoresist layer 23 is 
disposed and patterned. That is, the photoresist layer 23 is 
removed from over a predetermined section 101 of the 
substrate 1. Section 101 may include structures in sacrificial 
layer 21 which have to be removed. The resulting structure 
is illustrated in FIG. 17A. 

0134) The cover layer 82 and the carbon layer 81 are 
etched using the photoresist layer 23 as an etching mask. In 
the result, the structures in the layer 21 above the predeter 
mined section 101 are exposed, as can be seen in FIG. 17B. 
0135). After removing the photoresist layer 23, the sacri 
ficial layer 21 may be etched using an anisotropic etching 
process. The underlying structure layer stack 20 may act as 
an etching stop. Thus, structures in layer 21 above the 
predetermined section 101 are removed. If layer 21 is made 
of a similar material like the cover layer 82, the cover layer 
82 is removed during etching the layer 21. The resulting 
Structure is illustrated in FIG. 17C. 

0136. The carbon layer 81 is removed, for instance, by 
using an Stripping process. The resulting structure includes 
only structures in layer 21 outside the predetermined section 
101, as illustrated in FIG. 17D. 

0137 Subsequently, the structure layer stack 20 may be 
etched using the structures in layer 21 as an etching mask, 
thereby forming, for instance, word lines. Since no struc 
tures exist in layer 21 above the predetermined section 101, 
the structure layer stack 20 is removed from over the section 
101, thereby exposing the substrate surface 10. Thus it is 
possible, to form contacts to underlying structures in Sub 
strate 1, like for instance to buried bit lines. 

0138 FIG. 18A to 18E. illustrate another method for 
patterning a layer using cross-sectional views of a substrate 
at different processing steps. As can be seen in FIG. 18A, a 
structure layer stack 20, a sacrificial layer 21, and a hard 
mask layer stack 8 are disposed on top of a surface 10 of a 
substrate or carrier 1. The structure layer stack 20 may, for 
instance, be a word line layer stack comprising a first 
polysilicon layer 201, a second polysilicon layer 202, and a 
tungsten layer 203, as described above. The layer 21 may, 
for instance, be a silicon nitride layer. It may be formed 
unpatterned, as illustrated in FIG. 18A. That is, the layer 21 
may not include structures. 

0.139. The hard mask layer stack may include a carbon 
layer 81, an intermediate layer 83 and a cover layer 82, as 
described with respect to FIG. 15B. The cover layer 82 is 
already patterned, for instance by using a photolithographic 
process and an etching process. That is, the cover layer 82 
is patterned such that it is removed from over a predeter 
mined section 101 of the substrate 1. Section 101 may be a 
section of substrate surface 10 which eventually has to be 
exposed in order to contact underlying structures. The 
resulting structure is illustrated in FIG. 18A. 
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0140 Next a photoresist layer 23 or another layer 23 is 
disposed on top of the resulting structure and patterned. 
Patterns in layer 23 may for instance be formed according to 
line/space patterns which have eventually to be formed 
within structure layer 20, like for instance word lines. 
Patterns in layer 23 are formed across the whole surface of 
the structure illustrated in FIG. 18A. Patterns are formed 
within and outside the predetermined section 101. The 
resulting structure is illustrated in FIG. 18B. 
0.141. The cover layer 82 is etched using the photoresist 
layer 23 as an etching mask. The intermediate layer 83 acts 
as an etching stop. The resulting structure can be seen in 
FIG. 18C. 

0142. After removing the layer 23, no line patterns exist 
within the predetermined section 101. The intermediate 
layer 83 and the carbon layer 81 are etched using the 
structures in the cover layer 82 as an etching mask. The layer 
21 acts as an etching stop. The hard mask layer stack 8 is 
completely removed from above the predetermined section 
101, as illustrated in FIG. 18D. 
0.143 Next, the layer 21 is patterned by an etching 
process using the patterned hard mask layer Stack 8 as an 
etching mask. The underlying structure layer stack 20 acts as 
an etching stop. Thus, layer 21 above the predetermined 
section 101 is removed. If layer 21 is made of a similar 
material like the cover layer 82, the cover layer 82 is 
removed during etching the layer 21. The resulting structure 
is illustrated in FIG. 18E. 

0144. The intermediate layer 83 and the carbon layer 81 
are removed, for instance, by using an Stripping process. The 
resulting structure includes only structures in layer 21 out 
side the predetermined section 101, as described with 
respect to FIG. 17.D. 

0145 Subsequently, the structure layer stack 20 may be 
etched using the structures in layer 21 as an etching mask, 
as described above. 

0146) The methods described with respect to FIG. 17A to 
17D or 18A to 18E, respectively, may be used for patterning 
a structure layer, wherein the patterning includes removing 
Small patterns from a predetermined section of the Substrate. 
The photomask used for patterning the cover layer, as 
described with respect to FIG. 17A or 18A, respectively, 
includes large structures and may include also other mask 
structures, like for instance for patterning structures in a 
periphery of a device. Thus one photomask may be saved in 
manufacturing a device comprising Small structures, like for 
instance word lines, in an array region and large structures 
in a periphery, wherein some of the Small structures are 
removed. 

0147 The embodiments of the invention described in the 
foregoing are examples given by way of illustration and the 
invention is nowise limited thereto. Any modification, varia 
tion and equivalent arrangement should be considered as 
being included within the scope of the invention. 
0.148 Although specific embodiments have been illus 
trated and described herein, it will be appreciated by those 
of ordinary skill in the art that a variety of alternate and/or 
equivalent implementations may be substituted for the spe 
cific embodiments shown and described without departing 
from the scope of the present invention. This application is 
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intended to cover any adaptations or variations of the 
specific embodiments discussed herein. Therefore, it is 
intended that this invention be limited only by the claims and 
the equivalents thereof. 
What is claimed is: 

1. A semiconductor device having a layer stack compris 
ing: 

a patterned layer, 
a carbon layer disposed above the patterned layer, 

wherein the carbon layer is in contact with the pat 
terned layer; and 

a cover layer disposed on top of the carbon layer. 
2. The semiconductor device of claim 1, wherein the 

carbon layer includes voids in the spaces between patterns in 
the patterned layer. 

3. The semiconductor device of claim 1, wherein the 
carbon layer is made of elemental carbon. 

4. The semiconductor device of claim 1, wherein the 
cover layer includes a material selected from a group com 
prising silicon oxynitride, silicon oxide, silicon nitride, and 
silicon. 

5. The semiconductor device of claim 1, wherein the 
patterned layer includes line patterns. 

6. The semiconductor device of claim 1, wherein the 
patterned layer includes patterns with a thickness of more 
than 100 nm. 

7. A hard mask layer Stack for patterning a layer to be 
patterned, comprising: 

a carbon layer disposed above the layer to be patterned; 
an intermediate layer disposed on top of the carbon layer; 

and 

a cover layer disposed on top of the intermediate layer, 
wherein the intermediate layer is thicker than the cover 

layer. 
8. The hard mask layer stack of claim 7, wherein the 

carbon layer and the intermediate layer exist in an unpat 
terned manner beneath the cover layer. 

9. The hard mask layer stack of claim 7, wherein the 
carbon layer is made of elemental carbon. 

10. The hard mask layer stack of claim 7, wherein the 
carbon layer is thicker than the intermediate layer. 

11. The hard mask layer stack of claim 7, wherein the 
cover layer includes a material selected from a group com 
prising silicon oxynitride, silicon oxide, silicon nitride, and 
silicon. 

12. The hard mask layer stack of claim 7, wherein the 
intermediate layer includes a material selected from a group 
comprising silicon oxynitride, silicon oxide, silicon nitride, 
and silicon. 

13. The hard mask layer stack of claim 7, wherein the 
intermediate layer is thicker than the cover layer. 

14. The hard mask layer stack of claim 7, wherein the 
stack has a thickness greater than 100 nm. 

15. The hard mask layer stack of claim 7, wherein a 
photoresist layer is disposed in contact with the cover layer. 

16. A hard mask layer stack comprising: 
a carbon layer disposed above and in contact with a 

patterned layer, the carbon layer comprising Voids in 
the spaces between patterns in the patterned layer, and 

a cover layer disposed on top of the carbon layer. 
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17. The hard mask layer stack of claim 16, wherein the 
carbon layer is made of elemental carbon. 

18. The hard mask layer stack of claim 16, wherein the 
cover layer includes a material selected from a group com 
prising silicon oxynitride, silicon oxide, silicon nitride, and 
silicon. 

19. A method of patterning a layer comprising: 
providing a hard mask layer stack on top of a patterned 

layer, the hard mask layer stack comprising a carbon 
layer disposed on top of the patterned layer; 

removing the hard mask layer Stack from above a prede 
termined section of the patterned layer, and 

removing the patterns from the predetermined section of 
the patterned layer. 

20. The method of claim 19, wherein removing the hard 
mask layer stack from above the predetermined section of 
the patterned layer includes: 

providing a photoresist layer on top of the cover layer and 
removing the photoresist layer from above the prede 
termined section of the patterned layer, and 

etching the hard mask layer stack using the patterned 
photoresist layer as an etching mask. 

21. The method of claim 19, further comprising: 
removing the hard mask layer stack after removing the 

patterns from the predetermined section of the pat 
terned layer; and 

using the patterned layer as an etching mask for etching 
a layer stack beneath the patterned layer. 

22. The method of claim 21, wherein the layer stack 
beneath the patterned layer includes at least one conductive 
layer and wherein patterns formed by etching the layer stack 
beneath the patterned layer include conductive lines of a 
semiconductor device. 

23. A method of manufacturing an integrated circuit 
comprising: 

forming a first hard mask on top of a conductive layer 
stack and patterning the first hard mask to form line 
structures with an equal distance to each other across an 
array region; 

removing predetermined line structures from the first hard 
mask using a second hard mask to form a modified first 
hard mask; and 

forming conductive lines using the modified first hard 
mask. 

24. The method of claim 23, wherein the second hard 
mask includes a carbon layer disposed on top and in contact 
with the first hard mask. 

25. The method of claim 24, wherein the second hard 
mask further includes a cover layer disposed on top of the 
carbon layer. 

26. The method of claim 25, wherein the cover layer 
includes a material selected from a group comprising silicon 
oxynitride, silicon oxide, silicon nitride, and silicon. 

27. The method of claim 23, whereinforming conductive 
lines includes etching the conductive layer Stack using the 
modified first hard mask as an etch mask. 

28. A method for patterning a layer to be patterned, 
comprising: 
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providing a hard mask layer stack on top of a layer to be 
patterned, the hard mask layer stack comprising a cover 
layer disposed as the uppermost layer; 

removing the cover layer from above a predetermined 
section of the layer to be patterned; 

thereafter patterning the cover layer, 
etching the hard mask layer stack and the layer to be 

patterned using the patterned cover layer as an etching 
mask. 

29. The method of claim 28, wherein the hard mask layer 
stack further includes a carbon layer disposed on top of the 
layer to be patterned and an intermediate layer disposed on 
top of the carbon layer and beneath the cover layer. 

30. The method of claim 28, wherein patterning the cover 
layer includes: 

providing a photoresist layer on top of the cover layer 
after removing the cover layer from above the prede 
termined section and patterning the photoresist layer, 

etching the cover layer using the patterned photoresist 
layer as an etching mask; and 

removing the patterned photoresist layer after etching the 
cover layer. 

31. The method of claim 28, wherein the intermediate 
layer includes a material selected from a group comprising 
silicon oxynitride, silicon oxide, silicon nitride, and silicon. 

32. The method of claim 28, wherein the cover layer 
includes a material selected from a group comprising silicon 
oxynitride, silicon oxide, silicon nitride, and silicon. 

33. The method of claim 28, further comprising: 
removing the hard mask layer stack after removing the 

patterns from the predetermined section of the pat 
terned layer; and 

using the patterned layer as an etching mask for etching 
a layer stack beneath the patterned layer. 

34. The method of claim 33, wherein the layer stack 
beneath the patterned layer includes at least one conductive 
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layer and wherein patterns formed by etching the layer stack 
beneath the patterned layer include conductive lines of a 
semiconductor device. 

35. The method of claim 34, wherein the conductive lines 
form a line/space pattern and are arranged in Subsets, 
wherein the conductive lines have an equal first distance to 
each other within the subsets and wherein the subsets are 
arranged to each other with a second distance being larger 
than the first distance. 

36. A method of manufacturing an integrated circuit 
comprising: 

forming a first hard mask on top of a conductive layer 
stack; 

forming a second hard mask on top of the first hard mask 
and removing the second hard mask from over a 
predetermined section of an array region; 

thereafter patterning the second hard mask to form line 
structures in the second hard mask; 

transferring the patterns in the second hard mask into the 
first hard mask; and 

forming the conductive lines using the patterns in the first 
hard mask. 

37. The method of claim 36, wherein the line structures in 
the second hard mask are formed with an equal distance to 
each other in an array region. 

38. The method of claim 36, wherein the second hard 
mask includes a carbon layer disposed on top and in contact 
with the first hard mask. 

39. The method of claim 38, wherein the second hard 
mask further includes an intermediate layer disposed on top 
of the carbon layer and a cover layer disposed on top of the 
intermediate layer. 

40. The method of claim 36, whereinforming conductive 
lines includes etching the conductive layer Stack using the 
modified first hard mask as an etch mask. 


